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FOREWORD
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\ _ ABGTRACT

Investigation of the feasibility of using endothermic reactions of
hydsucarbons to augment the latent and sencible heat of fuels fe - coolling
englines operating under a high mach number regime is continuing.” The litera-
ture continues to maintain the cesirability and feasibility of producing
vehicles with hypersonic £1i,nt gjeeds; some areas of adventage for
hydrocarbors are suggestiou,

= “The dehydrogenation of Decalin over a platinum/Al20; catalyst has
been ctudied cxtengively on a laboratory scale covering the temperature
region up to 1200°F and preesures to 10 &tmng, in both once through and
differential syatoms,.{in order to provide kinetic data {or the construction
of a mathematical model. ~.Studies on the thermal reaction of SHELLDYNE and
its hydrogen treated derivative indicate that the hydrogen treatirg increased
the stability by a factor of 1500 (the reactivity of SHELLDYNE-H is about the
same as that of Decalin),

SProduction of catalysts uader-our-catalyst developmeni program have
turned up a number of the 536 catalysts cxamined that are more active than |:
our standard Pt/A1:05' catalyst, but no breakthrough in either activity or
cost has been achieved, Further teating has shown that catalysts which
demonstrate improved activity vith MCH do the name with Decalin and hasg
confirmed the observatica that fmprc.,ed catalyst stability is associated with
sosll pore aize.\‘Our efforts to reduce the heat iransfer apd pregsure drop
problems inherrent /in a bed catalyst bty applying the cataly. + to the wall of
the heat exclange tube have met with some success, Studies on molecular and
dispersed catalysts are undervay., A pulse reactor to be used in this study
has been succesafully operated with MCH,

N
SHeat transfer studies in a gimulated single tube fuel system have
confirmvd the mathematical model for the catalytic dehydrogenation of MCH up
to @ heat flux of 600,000 Ptu/hr/sq ft.~ They also i{ndicaty the necessity for
catalysts of higher activity and elability such eas are availablc from our
catalyst development program, Heat transfer. studies with nonreactive cooling
t> be applied with a regenerative ramjet ind{cate maximum temperature linmits
of 1350°F for tube wall and 1150°F for the fluid. A maxlmum heat flux of
68 x 10°® Btu/hr/sq ft has been echieved to date. Satisfactory correlations
of the Dittus,/Hoelter type have been developed for the super critical region
but ere less satisfectory in the critical and suberitical regions.
\

In studying the effect of environmeat on ‘the thermal stability of
Decalin at 600°F, it vas found that exposure to high surface areas of iron,
copper and chromiun had a deleterious affect which copld be largely controlled
vith MDA. \

SHELLDYNE-H wvas found to have a satisfactorily short ignition delay
in shock tube studies compared to other hydrocarbon systems, An interesting
"double delay" behavior was obsurved with SHELLDYNE itself, }The thermodynamic
and tranyport properties of t»ans-Decalin, SHELIDYNE and JP-7 and a
bibliography of rezent literature of interest are 1ncluded.( »
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VAFORIZING AND ENDOTHERMIC FUELS FOR ADVANCED ENGINE APPLICATION

Introducticn

' The objective of thim etudy is to provide the information necessary
for specifying fucls vhich will be capable of providing cooling and propulsion
for engines powvering aircraft in the speed range above iach 3, The fuel will
provide cooling by giving up its latent and sensidle heat and by undergoing
endothermic reactions before it £s fcd into the engine as vaporized fuel,
Practically, thia could be in the temperature range up to about 1LC0°F, In
order for the fuel to function in this runner, it must have excellent thermal
stability up to the temperature at which reaction occurs and also in the post—

. reaction portion of the heat exchanger, to avoid fouling problems, Work under
early Air Force contracts served to establish may of the parameters vhich
obtain in delineaticg the boundaries of the problem. Work wag done urder owr
previous contracti™3/ to define more closely the edvantages and limitations
for the application of hydrocarbon fuels. In that contract it was intended to
: develop specifications for & fuel or fuels vhich could be utilized for advanced
- engine application and to design methods ard equipment for testing the
moperties of such a fuel,

In order to allov precise definition of the fuel, we studiced various
problems that could arise in several parts of the fuel-comdustion system,
These fncluded thermal stability prodlems which could originate in the fuel
tanks or in tlie various metering devices and fuel lines; deposition or coking
problems which could affect the efficiency of heat exchanger-resctor devices
and catalysts, or plug fuel nozzles; and combustion parameters which could
affect the design or operation of the combustion chamdbers. In arder to provide
a sound basis for the selection or rejecticn of fuels, ve endleavored to relate
the various phenomena obse:ved to the physical and chemical properties of the
fuels studied,

The (roblem areas and approsches used vere btroken down in the
folloving manner: we improved a previously designed coker apparatus to permdt
it to be uged to study the thermal stability of possible fuels and components
at temperatures up to 900°F. We studied possible thermal and catalytic reac-
tions in laboratory scale equipment in order to test the reactivity of fuels
and the suitability of selented catalysts., The heat sinks evailsble in the
hydrocarbons tested vere calculated fyom thermodyramic properties of the '
reactants and products. A fuel system simulation test rig (FSSTR) vas con- i
structed and used to Jrovide data on hydrocarbon syastems. A computer progran . -
for simulating the behavior of s packed bed reactor was modified to accept and i
correlate the results obtained i{n the fuels systen simulator. The subsonic .
combustion properties of selected fuels and reaction products vere observed in :

a small scale combustor while the ignition-delay behavior of the same fuels "3 .
. and products wvas stulied in a single-diaphragm shock tube to give an indication !
of supersvnic combustion properties. o

T I oy, St ot e £ a o g g

1) See References.
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Studies done under the previous contract indicated the genersl
feanidbiiity of the endothermic remction approsch, partifculerly the utilization
of catalytic detydrogenation reactions. Our best results have been schieved
vith the platinum/elumina-metiyleyelchexane combination. With this combina-
tion, the pogsibility of achieving the original eonceptual goal of 2000 Btu
per pound of fuel total heat sink seems possible. The imporiance of restrict-
ing the oxygen content to very lov levels to reduce heat exchanger problems
ves uleo indicated. Operutions with the fuel system sixuletion test unit
(FESTR) have provided valusble data for heat exchanger design calculations
ard demonstrated the possibility of high space velocity and long catalyst
1ife viy, the MCH mystem. ULimitation of thermal cimeking of hydrocarbons to
¢ relatively low heat sink of ebout 300 Btu per pound due to hydrogen tranafer
resction vas denanstrated. The mathemat{cal model for the cylindirical axial
flov reactor vas found to he adequate to the extent of its present develop-
ment. The oambustion studies suggest that the possivilities of burning the
proposed feed muterials and the products of theSr dehydrogenation under bdoth
subsonic end supersonic combustion conditions are premising.

Under the present contract we are continuing and extending the work
done under the previous ccntract with some chauges in emphasis. Ve are con-
tinmuing t0 survey the pertinent 1iterature and will issue bibliographies from
time to time. We will contimue to conwider various feed materials vhich
sight de useful in this application and assess the prodability of their being
suotesaful candidate materinls. Such candidates are soreered in our amall
scale cquipment for reactivity and effect on catalyst life and their thermal
stadility under hest exchange conditions. Succesaful cundidate materials are
tested vith improved catalysts and also under larger scale conditions as
represented bty our fuel eystem simulation test rig.

In the previous comirsut only s limited number of catalysts,
seleoted for their protabdle activity, were tested with s variety of feed
materinis. The reections of interest in that program imcluded dehydrogens-
tion, dehydrocyelization and depolymerizstion. In the present program ve are
oconducting an extensive catalyst development program for nev catalysts for
these types of reections. This involves the amall scale preparation of e
vide variety of catalysts in which cetalytic elements (e.g., transition
wetals) are deposited on substrates and modified by a veriety of noncatalytis
elements such as, for exauple, the alkalies, elkaline earths, and halogens.
Othor catalystsy are prepared containing metallic cxidea and acidic sites.
Such catalysts are tested initially in @ emall scale spparstus (“micro scale
cstalyst test resstor?, MICTR) vhich allows repid screening with standard
feed materials such as MCH, n-heptane and tetraisobutylene. In sdditiom to
the atteapt tc prepare superior conventicnal type catalysts in vhich catalytic
materials are mounted on substrate grapules, attempts are being made to
prepare nonconventionsl catalysts in which the catalytic material is mounted
in e epecisl vay designed to minimive pressure drop, or is previously dispersed
in the feed waterial, or is formwed by decouposition in the heated zone. Such
vopscnventional cetalysts are tested vitk MCH in a variety of equipment prior
(0 being used with other feed materiais developed as s result of the program
mentionad above.

The camputerized mathematical model mentioned above has been
carried to the point vhere good representation of tie FSSTR experimental
results vas possidble with different size tubes and catalyst dispositions amd
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varisble heat flux and temperatures along the tube length. Difficulty wvas
° encountered in representing different tube lengths, LUSV's and heat flures
but this appears to have been resolved. The propgrem will eventually include
latent and sensidle heat sinks both before and after the reaction zone, and
the mating of a reactor-exchanger with s Leat source such as a combustor or a
. leading edge. This latter siep, of course, will require collsboration with
engine manufacturers who are working om the combustor design part of the
overall progranm.

) Extension of the progrem towards an sircraft systcm requires that
B cansiderably more vork be done on “he mupersonic comtustion aspects of the
N problem. We are comtinuing our studies in the shock tube vith high moleoular
* wveight fuels and their dehydrogenation producte. Fuels utilized by engine

° ocupanies may alsoc be exsmmined in the shock tube to obtain correlation with
the results observed by them in their laboratory studies. Ve also contemplate
comppleting our work on the examination of subsonic oombustion 4n the small
burner developed under the previous contract with the additicnal feature of .
- obtaining quantitative data on the radiation emitted, as a functicn of fuel }
ocogposition and burner conditions. 3]

An irportent considerstion in any system which atteuptes to use the
fuel for cocling is the thermal stabjlity of the fuel in the exchanger paxrtion "
portions of the fuel gystem, In ouwr previous contract we used the SD Caker R
for evaluating the th.rmal atability both of feei materisl and of products :
roduced by both thernal and catalytic reactions., Prxamiaation of the produsts i
suffers from the serious deficiency thet inevitably a time lapse and soms ‘
handling has to occur, before the products of resction are testsd, We have
therefore constructed a new piece of equipment under the present ccatract !
. for establishing a standard test for both catalysts end fuels, ‘This unit, g
called the Catalyat and Fuel Stability Test Rig (CAFSTR), permits simulation :
of the thermal envircnment and representative contact times all the way from t ;
the fuel tank to the engine inlet. PFuels will be tested using s standaxd (o
° catalyst, uhile catalysts will be tested using a gtandard fuel,

Specific support is also being furnished to contractors in the
cooling program. This support consists of consultation with regpect to
problens encountered in the study programs, the furnishing of teclnical dats
required for the solution of design problems or for the carrying out of -

experipental iuvestigetions.
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VWork to bring our knowledge of the Deocalin asystem up to that we
tiave of MCH hes contirued. Beoause of the existence of two iscmers in the
feod and the two-step nature of the dehydrogenation, the Deoalin system 1s
considerably more complicated than MCH. Kinetioc data has been obtained in
d1luted beds und under recycle canditions ellowing for ccmpletion of a
mathematical model for the system.

The thermal reactivity of the high density fuel, SHELLODYNE,® and
the effect af hydrogen treetment on this reactivity bas been studied in our
bench scale reactors. SHELIDYNE wvas studied over the tewperature range 770
to SLO°F at pressures up to 10 atms. The thermal reactivity increassd with
both temperature and contect time. In the all metal system used, SHELLDYNE
vas found to be quite remctive leading to coking at the higher contact times
and temperstures; pressure had little effect. Hydrogen treating geve s much
more thermally stable mroduct as was evidenced in studies covering the
tenperature range 1022 to 1202°F and pressures to 10 atms. It 1o estimated
thet SHELIDYNE is 1500 times as reactive as the hydrogen-treated material.

In both cases, the different fsomers had different rates of reastion.
SHELIDIRE H vas found to be cnly